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DEMONSTRATION OF THE ORIGIN OF HUMAN MAST CELLS FROM CD34+
BONE MARROW PROGENITOR CELLS

ARNOLD S. EIIIlE1NI3ALJM. 1 * STEVEN WV. KESSLER.* JULIE 1'. GOFF.' AND

DEAN 1). METCALFE*

From the *Mlast Cell Physiology Section. National Institute of Allergy and Infect ious IDisc-osc's. Xct ionai Institu tes oflicalt h.
Bethesda, AID 20892: *Allergy 1)iiisioi. D~epart ment of Medicine. Homewood Honspital, Potinrre.M.Il 21211: loninumoitbiology

and Tranisplantation Departmntt. Natal Medical Research Institute. Biethiesda. Nll) 20S,50. anrd 'IDitisioi of Molecular
Virology anid Imiitiiriology. GeorgetownYr UnliVersity hledical Center. Rockv'ille. MDhI 205,i52

It has been established that murine mast cells are tors before phienotvpic differentiation (6. 7). and prolif-
derived from a pluripotent bone marrow stem cell, crate in tile presence of IL-3 and lL-4 (S. 9).
In humans, the corresponding pluripotent cell is In humans,. mast cells arid basophils have been eul-
included in the CD34+ bone marrow population. TO tured from bone miarrowv in aigarose interphase cuiltures
determine whether human mast cells arise from (10, 11). Basophils stained ietnelirumatically arid had
CD34+ human progenitor cells, enriched CD34+ cells 11 "-f'ace TgF reeporc 1, b;-- t~ !aa c. u ck C.
were cultured over aprareo-e surfaces (inLerpnase cul- tryptase in the granules. The cell of origin in human
tures) or cocultured with mouse 3T3 fibroblasts in marrow giving rise to lasophils is believed to be the
the presence of recombinant human (rh) JL-3. The CD34* human progenitor cell, since CD34* cells cultured
presence of both mast cells and basophils was de- i iudsseso utrso sclne nmtvcl
termined using a variety of histochemical and im- i iudsseso utrso sclne nmtvcl

munoihistologic techniques, including immunogold lulose give rise to basophils in addition to other cell

labeling for IgE receptors and mast cell tyas.lineages (13-16). Studies to date, however, have not es-
Mast cells and basophils continued to ap rin tablished the origin of human mast cells from CD34*
cultures when, T cell, B cell. macrophage, and eosin- cells and, therefore, the relationship of CD34* cells to
ophil committed progenitor cells were removed, but mast cells has remaincd speculative.
were not seen in cultures from which CD34+ cells Recently. it was shown that human cord blood miono-
were removed. CD34+ cells layered over agarose in nuclear cells cocultured with mouse 3T3 fibroblasts give
the presence of rhIL-3 were shown to give rise to rise to tryptase-positive cells with granule ultrastructure
cultures that contained mast cells (1 to 5%) and characteristic of mast cells (1 7). To determine if CD34'
basophils (25 to 40%). Cultures supplemented with cells give rise to miast cells, cultures depleted of T cell. B
rhIL-4 showed no additional increase in mast cells cell. macrophase. or eosinophil progenitor cells, cultures
or basophils. CD34+ cells cocultured with 3T3 fibro- of highly purified (>99%' purity) CI)34+ cells, and cultures
blasts in the presence of rhIL-3 gave rise to mast of CD34- cells were examined to determine if these cul-
cells within the fibroblast monolayer, which by 6 tures gave rise to mast cells. As will be demonstrated.
wk comprised up to 46% of the monolayer. CD34- CD34- cells, and not those commnitted progenitor cells of
cells on 3T3 fibroblasts gave rise to few mast cells the T cell. B cell. miacrophage. or eosinophil lineage. give
(2% of the monolayer). Mast cell granules from in- rise to both mast cells and basophils. Cocu~ltures of CD34'
terphase cultures contained homogeneous electron- cells with 3T3 fibroblasts gives rise to) mast cells with a
dense material. In contrast, mast cells within 3T3 variety of granular mor01pholoies more reminiscent of
monolayers at 6 wk contained a variety of granule mtr atcls
morphologies, including scroll, mixed, reticular, mtr atcls
dense core, or homogeneous patterns. We conclude IA-IEItALS AN) METHODS
that both human mast cells and basophils arise Maeil.Sae FgirsINClorxtcs Rkan.E.
from CD34+ human progenitor cells.Maris.eaeil aroe)Mliorxnt.Okan.M.2-ME. Fast 3tne H3 salt (S igma~ Cheital Co. St. L ou is. MO)1. mon0to-

clonal anti-Leti-5b ((1)2). an!-T v,1- 12 (CDI 9). anti-Len-I 6 ICI)20).
aniti -Len-NM3 (Cl)1 4). aniI- IIPC A - I I ectoit D ic k inson . Mountaini

In tile mnouse. tttasl cell lrgenitucr cells have been View. CA). piilli-tetiivii.i-gllitaininec. sodi pvnivate.
show tooriinae it bne m rtw ad frm oloies and nonessetiaml amino acidls (Flow Laboratories. McLean. VA),(C to- in gioae in(ct bon-) ee n tvast cell loniesr lteaI-inactivatedI FCS (G ranid I sLani 1tiolonica I Co.. Long Isla rid. NY).
(CFUS) n musepleci ( -3.Thse nastcel prgentorhigh glucose, sodiluml tirilvati' S1i1lllieteI )MlM2 

ortinic ltiolog-
cells sele-t ivel ' adherec to 11isc cinhryonic skin mono- leals. irvine. CA). bcati-inac-tivatcl bovine serrnint tinclone. ILoga.
Layers (4, 5). exlprr- tuNA for thle stilnits of IgE recep- UT). rhilL-3 (5.000 tini A .X 10, lltinl) and rtilL-4 (20.000(),l

tl) (l n7vntne. 13ost on. MA). Ficocll-Pacpre (Ptiamnlacia. I'imeatawaN.
-~ ~ ----- ___- NJ). 50-mmli tisstic cilite llasks. 16-min 24-well tissue cnltnrc

becltrd crputlccicc Ac 'c ;7. PY10 plates, cell scraipers (Costair. C,miiitltte. MA). 10 Ott m X 15 mitt
Acceptrd bcr ptiblic.iricn N,cinhl,-t 2S, P00 Petri plates (io. 1029). 35-flin c-cltirrre wells (Falcn. Co4-kevsville.
The c-ost ,f public oli ccl hq -111, itl le w,-o- (it-iiccved in part hiv the

nctc-crtlsic,-yrit in cc:i, c %-kith It't 11 S tci 17:3-1 solctv to inchi- mimjn: compilete I t;iI. io %IiI tGti stccil c-iiccl 4 ioi -giiciaoiiic. I
fccre' f -c-rsc Iic I-c, -c fc c.-,' I kI t x 10 'm 2 - %Il-. I n i %i scexcIili itni 1tc% ni % t - I () I I /, Icw11.'c It Ti n t (ccc q-

Ad r- or Ynj n,.*. Nicc-lcccmvc-cn. and 0 1 I m ciccne-r'iicil a oiic ;Ii-Ic comriplete Mt)NttN.
,. iv. rvi3f, : i! t'ic\ i c\ - cc ii.1 1A] \II, iciltctiiitl! 10. Roomci Iicillnec-os 11nic dit t->ics Ic m% incci i lii glimcc.e. scccliuc pyrivaif-

1 tC2t2. %.ctic l ic-r-- iit-ci , ticthc,c NIl) ;111d 10ii ; jl tccNwief svniyit rt.i c
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MD1),. ra', t)it coiit~ieniitt (x-dxx-laxxc J_1x;lolxtxxxS. 0111t.1r1o, (aiixllx I 11ix ttirxw itxixtii x - 1,1% pllx~xxxlx itiita Stuicis. ;ild
aid 3T3 Sw~iss albinxo fihrohLisis fAxoerixin TyPe TISSUe CuIlure. ill later studies liv (xxxiti i\c tiiiittxxi silioli I'r enirich-
Rockville. MDt) were obtaxtx- frot xlit souirces inulixoitcx All other ititlit b%. paxxxixxg. cells wet'c ilili .xiexl wvith mxAh XlI0 (;xxxt-HIl'A-
miaterials were of reagentl iraile andi were il~itiixd cxxxxtxterciallv. I) ] and allowed to xt tax h fo plxtis coitil xx ixh goali ait i-miouse JgG

Preparation of solt axgarosx'. A soft I agxr'ise culture s\,steml using 12,31. Plates. were gcxxitiv riii'xd lour towis. anol adherent cells were
a single laver of aga rose ovc na ii WithI x o~ a e SU x ISlOx ii eells was Foioe ihael cxi xr pox Is ite xi i I loxlagnet ic selectironl.
prepared tin 24-well plates (10. 1 1) Thie agairose laver in each well CI.34* cells inl the nioimixlear ( tll suxspentsion were rosetted with
consisted of 0.63 nil compoiised of 0.32 xil of comxxplet e 1 640. 0.09 ti the hxigh a vidity CD134 ni \h KG 1 (24) lxink ed to til ;x tic (ix~l~vabead s
of 2x concentrated RPM[I 16-1.0.1:3 till of lix-ax-irtactix-ated FCS. arid and)( were separated bv xit r, ioxn to a rare earth tixignet. After three
0.09 nil of a 3.3% (w,'v) stock xg.a ri c sx l xix il tit di st I cxl water.- In tox fouxr successive sx exlvcxi s, ilxl headls were dxx xchlid frontx thle
experiments performxed tlisii rlill-3 ;ximic or tix comintiton wvitlx C)34' cells (xx itlii 2 it) andxx rinioyxi ixagtxxivcallv (25) (S. W. Kes-
rh IL-4 .reconxi bii n x t xi1w-eaddlx(xi'ecI6-40 to give tie s Icr. manuixsc ri pt xx pre xpxtat xiii Iii othle r tililies. CIYI-i cells re-
approp~riate finialI coixcenitratioxxxs. Th lie cg uewxsxllw oeoiI- (ove red Iw t lxis iiiiiti xi c tic proccxli hIxav belen showni to be
ibrate at 37'C in 5% CO, fur I lx Ixilore use,. unaltered pheniot picialy wrilx recsxt ti xpXiixssixi xof surface mem-

Bonre morrow CUltures. lHuman~x lxxxinarrow cells were obtainedi brarie Ag. Mixildirig 1)34 125). t~~Uon rcsxtiiig with MOlO axitibody
from iliac crest aspirates of patiexits uider evxxliatiutx for niastocv- lthl'CA- 11 and isoxtx pc (ilif xc( -xodar ati idv. aidl flow mnicro-
tosis following iformxed consentx. Cells were collcted intlo 1 0-mIl flororrxetric anaxl -sis xci;l, wri- consist ixlx' >99'; (l34*. lix all
plastic syringes containitng I ixil of lireserx-at ye-free ixenarin (1000 experimntxs. recoveredl celIls were cuiltuired over agarose surfaces in
U/mI). diluted 1:6 iil comptllete 1640. layered over Ficoll-Paque. arid the presence or absexice o4 rlilL-3. or tit coitihixiat ion with rhll.-4. or
centrifuged at 300 x g for 20 xiii. Thle nioxixtineclear cell layer was COCUltured with mxouse 3T3 I ibroliasts.
har-vested and washed four tiiis wvith complete RPiMI 1640 mnediuni Coculture of CD,*4' cells ucithi J3'fibohlass. A miodification of
containing 1% heat-ixiactivated FCS. Cells (2 X 10~) were resus- a previously descrihed nio-tlid -was uxsedui x the coculture of highly
pended in 400 ml if coixiplexe 1640 xyithlx 0o7 leat-inactivated ECS enriched Ct)34* liuxxati prilgeiixor cells wvith Swiss albino mouse
and apipropiriate concecntrationis of rlxlL-3 alonxe or ill corrbinatioxi 3T3 fibroblasts (26-28). Hriefly. 31-3 fxhroblasts, Suspended in
with rlilL-4 arid lavered xover agarose tit each wellI. Cells within each DMEM supplemnirtedi wo.li 10" biovine serumn (coplete DMEM(.
agarose-cootaining well were fed wveekly by rexixovini' approxinmately -vere allowed togrow to xixflixeicY as a motiolaver oil 50-mm2 plastic

swpi x... tot: fiuid over the agarose axid replaeitxg it withl Comxplete flasks or 35-ii1x2 
PLaSlix Well surfaces. Approxixixtelv I to 2 x 101,

1640 containing 10% heat-inactivated FCS andl appropriate conceri- CD34* cells per nil compxllete l)MEN1 were layered over 3T3 mono-
tratlons of recombinant factors. Cells were harvested by gen-tly layers arid allowed to ixiclihaxe for 72 lx. Notiadlierent cells were
plpettixxg culture media sexi-ral tixixesovxer the agaxosc surf-~c. Total poured off, anid the reixiiig adherenxt cells were -cultured In cornm-
cell counts were determrined weekly. Mast cell axnd baxsophil numbers plete DMEM contaitxitg 200U U/iil rlIlL-3. Igl--,s xgift of liexiry Metzger.
were deterniined on Wriglit-Gicixisa stainied extopreparations (Slian- M.D.. National Institute of Arthritis anid MUseuloskeletal anid Skin
don. Pittsburgh. PA) on the basis of mxxorphxology. Thxese cell counts Diseases. Nationial Institutes of ticalthl) wxxs added to tire media at a
were confirmed by staining sequential slides wvitix acid toluidine blue concentration of 5 ug_/nil. since Tinurine IgE has been shown to
for basophlls andf mast cells anid for hixixoan mast cell tryptase. Cell augment the proliferation of 11-3-induced mnurine mast cells in the
counts never differed by more than 5'C arid thus, routine cell counts presence of IL-3 (29). Half of thle culture miedia were removed weekly
determined by Wright -Gienisa -sta iied sections were used in data and replaced with comxplete DMEM supplemntited with appropriate
analysis. concentrations of rhIL-3 arid lgE1.5. Cultures were harvested at 6- to

Histoclxenxcal stains. Xvi Iglxt-Gleixxsa cell staining was completed 8-wk intervals and prepared for electron miicroscopy.
using an automated slide stainer (liematek; Miles La-boratorles. Mis- Electron microscopy arid irnxnohistocxemlstrg. Cell prepara-
hawaka. INI. Tolxildine blue staining tpli 4.5). which stains mature tions were labeled first for the presence of IgE receptors and subse-
connective tissue mast Cells hut not inucosal mast cells or t-asophils. quently prepared for electroxi hxicroscopy and tryplase labeling.
and acidic lolulilo blue (pHt 1.0). which stains both basophils and Thus, cells in Inlet-phase cultures were hiarv-ested. resuspended. and
all mast cells, was perforoxed as described onl slides fixed in Mota's centrifuged twice with PtB1S containing 0. 1%" BSA. Cells were tncu-
lead acetate (18-20). hated with 10 mg/mI human lg-, for 30 ixlxi at 37C. with control

Anti-tryplose staining. qualitative tryptase enzyme determina- cells incubated in buffer alone. Thle cells were next centrifuged and
lions of cybocentrlfuged cell preparations were performed as de- Incubated with goat atl-xuxixan tOrG coxixixatxd to 10-nm vold par-
set-ibid (21. 22). Briefly. slide preparationis were placed in Cariioy's tidles for 30 mmn at room temperature. Cell suspensions were then
fixative for 15 mn. rinsed, arid exposed to goat serumx for 2 h at fixed in a mixture of 2%, ;araforixialdelxyde and 1.5'r glutaraldehyde
room temperature. The slides were Iicubated overnight at V0C with in 0. 1 m sodiumi cacodvhate hioffer, lit 7.3. for 3 h at room temperal-
inonoclonal mouse anti-ixuman tryixtase (G3) (1.76 pg/nih a gift of L. ture. Following centrifugationx with carodylate buffer. the cells were
B. Schwartz. Medical College of Virginia. Richmiond, VA). washed, suspended in warmn 2'. agarxise andu cenitrifuged. Cell pellets were
arid Incubated with a 1:50 dilutixi of alkaline pliospixatasc-eonju- post-fixed I h at roomi teixperalni c ixx cacxodylaxtc buffered 1% 0 s0 4.gated goat anti-mouse lgG for I h at room temxperature. Slides were dehydrated in a graded ethxaxiol series. aido exibedded in EM bed
developed for 8 to 10 min ix a freshly prepared solution of fast blue 812/Araldite 502. Thin sectionis were cut anxdi niounted on uncoated
Voussln's red 11 mg/mI) lxx 0.1 m Tris IlC]. Pit 8.2. containing nickel grids. For tryptase labelinig. sectioxns nix grids were placed on
naphthxol AS-MX phosphate (0.2 mx3/nxl: 10 ng oxf naphthol AS-MX a 0.56 m (saturaxted) aqueous solution of sx~diuxi ixetaperlodate for
phosphate per ml dixxxethxylforxniaxxide stock). Ant i-t ryptis Positive 70 nin at room teixiraxtir-c rinise-d withl PB3S. arxid icubated with
maxist cells st a ined bilue . Resi ills we-re explressed xis Itire percent Iage of cit her noxrmalx goat sern o xr gx xx IgGO (0,5 xxxi, 'xxx ) I Ix at room
cells st xx liixg posit ivxe] y for tr ' lit xse. t cxxxperat tixre. Grids were inxcxlbatedx xxyertxixjl t at .4CC wvit i ritit rvp -

Siclex t ix '(dh erenx-e (panxxx iix9) of xx(Is. Cc (s exp ressinxg T cell I rse (G3) (-48 pg/iil ixi I, coxxiit axiin x . 1' BIS A. Sections were
(()1 B3 cell ((:119 xxxl CI)20). icxx~tnxxlll xxr iacrxpixage (CDI 41 washed 5 Mxiil each wit11 0i 5 vx iris p11 7.2. iris-buffered saline.
u-el stirface riar kx~rs were rem- e lxx viiI1x axici encxie xis de-scribed (I13). ar id Tris coxnxtlaiin g 0)2"; HSA Si xxiis weir placed-u oi Tn s con -
firiefly. Falconx 1029 cuiltxxrx- Ixlmxix %kri- xxxiihiuted nx-erxiiglit at 4'C txxixxixg I" B-lSA. I I 8.2. for 5 xiii fxxllxxwedl liv 4oat axxti-tiouse Igo
whl 100 pg/mnigat aixti-nxxisx-Ii, ii II xxll'l 1,3cuxitiixing 0.1% contjuigatedl to 5-xxxi i~olit p)irticlx's fxor I lx it rxxxix temperature.
lISA, p11 9.5. Bonte ixxarrxxw cils (lH) x I o") we-re' lixiilliex with Si-iii y.r-wsxel5xxxiuhx rs 'xx1~lt .%lSA. Tris-
xit li-ra tit t-('D2, aixt i-CD~ 19a nt -(1120). coxi noixix I rci'xpt xxr axtittilxodv, buxfferedl sxxlilie andx witix Cxxxxixxls inidvlxu incubilatioin with pre-
-I7 (a g~ift uxf Ir. Txiri Niitix. Niimixlj Ilxstxtxxt- of Allergies xxxd iliiixuixe IgGOan xxxxlissixxx xof Olxcnxt~x atxtilsl. Seu-tinxs were
tixxxirs lDiseases. NatixixixI Ixistittit.- ot Hrllh). oxr xxiti-C14 for stainted for 15 nxixx witht aixuxixxx iit.xivl .xx-ct1xtu- Mix e.a~xitiiei with

I lx atx 4Y axixx thtex ;isx-l twixi- with PBS13 Aixtilixxlx-.rexti'u cells ax Phxillips :300) elex-rixt xxirxxsx'opx-
we-rxe thenx s- is;pendeu x in i xof hfut xr. pxurexd xxntx coaxtedu plates, (xxlitiirxxl (184' andx 3113 i-ulI- xvx-rx lxlxx'ld xariid proxcessed inx
A;ixlillxxwex tox iniixuiati loit 2 Ix it -I C' wit lx gr'xxle xxixinxg. Noxix- sito lpxreiserve xlix- nxelaxtixxnshipx 'txwex'txllix-hrentx 1mrsl cells aind
uihrexxt cells were irmxxvx-x xywsli'x l c, ia ulliwu lxxodt adxile fihxrxxixss. Lalxilixg andxix(xxxxs~itxg ofxl xxxxtltiixu cells waxs as dc-

a rcx-xndx tirix Nxxxtwxliint i-ills wix thxen rxcislxx-ctlx-x iii compx~lete sc-ribexd ixir iiitxrllxs x-xltxxnx-. HltxIlv. it 5-xi- thxick se-cltis were
ittedi.x with ' V) i ha-itlxxti'0-M-'l I (" ixix ixixiil;xtx-x wvith ax 1:5 exit xxnxi slatedu with a(ixxx txlxilixxx hlxlx Sexttons xxhitaixxinxg cellS
xlllitxxx of ralhit C foir I lx at 37'(" I x'l rx'xxtaxxxxi illir lysis were thoat Staiixlext .x-xc .t: -,. ;io sx ,twxediand Lxibeledl for
xxaslxexl. i-x-sxipetiix-i Ili riTI........... rtli I ,-,.i .: f I tryhitari anid CeaxIxxxixx by x'IC'xtrxxx xlixlrxxs-x(xx-
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('1)1. pxxxit xxx cells
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1412 MASI' (1:1 .1 ORIlGIN

agar or agarost' surfaces in the presence of rhlL-3. To 2A
dleternfine whether basophils or- mast cell numbers inl
Culture were affected bv the removal of other committed a Upne
progenitor cells. T cells. B cells, anid macrophages were MY1+
selectively removed using mAb to CD2. CD 19 and CD2O. (n
and CD14. respectively, and complement lysis. Eosino- :EL
phils were removed using the inAb 4A 17 and complement 0 -

lysts. Remaining cells were then Cultured over agarose 0
,surfaces in the presence of rhlL-3 and examined weeklv.
cytocentrifuged preparations of cultured cells were
stained with Wright-Giemsa and toluidine blue, and were
examined for the presence of tryptase- positive cells. Mast
cells and basophil numbers were not significantly af-
fected by the removal of committed T cells. B cells. mac- 012 3 4
rophages. or eosinophils (Fig. 1. A and B). Mast cells and
basophils were effectively removed from culture, how-
ever, when CD34* (My-I 10) progenitor cells were depleted
from bone marrow cells by panning (Fig. 2. A and B). The 21
remaining CD34- cells differentiated predominantly into
macrophages with no appreciable increase in total cell a nane
number.WMY1+

To decrease the contamninating cells in the progenitor _j o f~

cell population and determine the extent of growth of I '- -- M.O
mast cells and basophils from CD34+ cells, highly puni-
fled preparations of CD34+ progenitor cells (>99% CD34+) x,
were obtained using immunomagnetic positive selection.
Cells purified in this manner were detached from mag-
netic spheres and cultured over agarose surfaces. Mast
cells averaged I to 5% and basophils averaged 25 to 40% 0
of total cell numbers. Mast cells appeared morphologi-0-
cally identical to those cells obtained in earlier experi- 0 1 2 3 4
ments with unenriched and enriched panned bone mar-

2.0- A Weeks in Culture
0-OUNPANNED Figure 2. Growth of My-10* lct34*] and My-10- (cD341) cells in the
*-* CO 2 presence of rhlL-3. lHasnphlls (A) anid mast cells (B] were effectively
A-,&CO 19 & 20 eliminated from those cultures in which CD34' cells had been removed.

1.5- A-ACD 14 0 Cultured My-10- cells differentiated primarily into macrophages. with no
0-0 4AI7 appreciable Increase in total cell numbers (data not shown). Average of

(A twn experiments.

row preparations (Fig. 3) and peaked in number by 2 to
0 3 wk (Fig. 4. A and B). Thle addition of rhIL-4 500 U/mI

0.5-~ did not increase basophil and mast cell numbers over
a those obtained with rhlL-3 100 li/mI alone. Cells were
0 stained for the presence of surface IgE receptors and

0.0 1 tryptase within granules using 10 ntn and 5 nmn size gold
123 4 Spheres, respectively. In all Cultures. basophils had

2.0 smooth surfaces bearing IgE receptors and granules con-
20 -OUNPANNED B tamning dense flocculent materi.al but no tryptase (Fig. 5).

*-OCO 2 Agaro-c-ultured mast cells had Surfaces with cyto-
I-)A -~ 19 142 plasmic extensions and stained positive for lgE receptors

in~ A-0 4Al7 (Fig. 6). Mast cell granules contained hemnoge'eous ee-
0-0 - A,*' tror-dense material aind stained positive for tryptase (Fig.

1.0j i.asct)
To fturther examine wlitdhi manst r-11-~ arise from

CD34' cells. Cl)34* cells were next cocultured with 3T3
0.5 fibroblasts, known to perm it mast cell differentiat ion

f 17. Ater wkin cltue '1 1V 1 )iZCMM pI f It-Tf n 01

lgE., adherent CD34' cells gave rise to nictachromati-

0.0 ------ cally staining cells resembling tissue mast cells. Approx-
01 2 3 4 iniatcly 46% of COCUltured CI)34* cells were toluidine blue

WEKS IN CULTURE positive after 6 wk in cutlure. whereas approximately 2(7r
Iiiqorc I Growl h (if Imman~i ha~optiils (A) arnd mast cells (11) after Of Cocultttred Cl )4- cells stained posit ive. Mast cells inl

.~lt~v ~tletIonof T coIli. i3 cell. fimcrowpi~igr. or eo. ioo)ntnil COMMItten

1 ,:nnnrsors. itnophit trut nint cell tvinilwrs were onnaffeted by remnoval Ct)34* (OeUlitures wtere spindle or oval shaped, had irreg-
(if pren-irsorS Av-rig( oif two rxplerlnnenn tula rsurfaces with cvioplasmic ext ensions. and contained
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Figure3. Light micrographs of fli ptasn -pIitiv mast ( dI, a, cultured I rom CD3I U If in the prscmucc of i il

8 - 13-Q K6 1+: rhIL-3 A

-*-K6.1+: rhlL3& rh[L-4

6

0

(1) x 4

2-

0 1 2 3 4

20-
-0-- K&61+: rhiL-3 B

8 K6 1 + - rhIL -3 & rh IL- F I- urv 3 I Ii i-nion micrograph of a basophil dcmiorstraing 10 mini

15K,1+: rhIL-4 gold smirlaic labclinig for ltW' but no lobchngi for granule associated trvp-
15) K1 ase Ix 9.400l) IrlseH- 10 1111 gold suirface labeling for IgE (x 31.900).

*j KG.1- rhIL-3
LLJ lil-uman CD3V pr-ogenlitor- cells, theref'ore, could also be
L) ~shoxvn to give rise to humnan mast Cclls%%when COCUltUredS10

wit h 3T3 fibrolast nmnnolaver-s.

D1iiCSi 1ION

IlI l-l('iits'. it has4 heenl tenlollstlratec thaI mi1.st (-el

pri-ciriim5-;m alt ind ill htivl( [harrow alld tm oa lvi\ rise
t ii lit un- imast cell coloniies ill sple (CN~ F~S whe

0 T pli-iiis. Iii iliiS((lI fiIlra\%asmilarly l i l('- (]-3).
0 12 3 Ilit'-i S Illif i iml-sr. glivl ill liqi"il siilieispli cuii-

WEEKS IN CULTURE li~,;.S tl (Iii 2i'i-i' toi' liltiisisal-llkc 15 cctll ill the(

I111, :Ilu, allI if) intuiog i It I 1ii, I V- IIKL-! li 11 j fc, c- likc liiisl cclls \0 1cil ce(isil m lls ;i (Il- ile i Ic
if) fit-' nmomili of i-p~;loi- ('X1a1 i O1l ol 11" fi] 1im Tb-U~ In fIci flilt 11,-, 4 Is or - !4j " c1 ui I ", t i~

ml;cr,;tg('s ith!I em mi m. in, yvi i iii il Iiii *-Im- o (hi). As \k~luiiilil tO' eed i'lmii i 11 AS cc('I h)Iicihllsiil' 1hil\ f, ti(S'

1lliirm IS iIii-iliiis iQT.iiiti- (02FI- 7, A miid 3), (ll lilt cull,, (7) Iliiiin, it hiis hc)1- sliceliteil thu mo-
filar suirfaces sti(-(l l(;ixidv lilt 1--1 ll.)(. 7, 1715-c(i) ii- u-Il l-onlyhiitiioll" i exist inl Iiic tit iiiiiii(W. derive,
Iles labeled foi Itr-Y 1 Is a jul. (Iii tit rl~I ,iI I'lh'lcII I lhin (ii-in froin a (-uiiii stc-n cell, and imit ire ill Ile

nlation. colitailledl s-roll. if'iIe- ii i lm dcleiise ((ii i-,iiilI ide lii' itiilie oft (vkuikile. andi 11W tl issu

patterns fouidn inl rimaimit )iniic iii-!t i ills (F-,S I) Iiiuiiriviiiiiiit-lli iiiian tiuiiio h iiii lWm eelis, enllimcd
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Figure 6. Electron ikrograli of an titerphase cultured mast c x WN
10.400) Inset: Mast cell grarnule latieled with 5 nm gold for trvptase. Th
granule contains homogeneously dense material (X 42.300).

in liquid suspension culture or methylcellulose have been b$

shown to give rise to basophils (13, 16). but their ability ...
to generate mast cells has niot been examined. 'Z' & ?

More recently, it has been shown that small numbers%
of tryptase positive mast cells could be cultured from
human bone marrow cells over agarose surfaces in the -

presence of rhlL-3 (10. 11). Similarly, cord blood mono-
nuclear cells have been shown to give rise to mature mast ir b Fm
cells when cocultured with mouse 3T3 mriolayers (17),
Thie qluestion we as-ked was whether Cultured hum111an Figure 7. Electron micerographis (it cocutuired mast cclls. (A. X S.900.
mast cells originate from pluripotenit (CD34') progenitor 13. x 5.000) Inset: 10 imn gold surface lahchng; lt lgt: (X 61, 200).,J.
cells found in human bone marrow or some other comr- filirotilast: m1c. mast ceIl
mitted cell lineage. The bone mnarrow samples stuadied
were obtain(-( from paltients under evaluation for mas- also contained granules with one or miore of thjese pat-
tocytosis. This might conceivably affect cell numberICIs. terns. interphase cult ure and 3T3 coculture derived miast
but niot their origins. [Data Obtained using bone mnarrow cells were harvesled at 3 and 6 wvk. respectivel y, and
cells deplet ed of' either T cells. 13 cells, eosinopliils. or examined using electron mficroscopyv. Interphase cultUrcd
inacropliages revealed that thle numibers Of masI1t CClIIS Mast cells had gral iules fi lied wvith homiogeneouis ('Icc-
andi basophils appearing ill cull tire, were irratlected (Fig. tron-denise material similar toi granutles seen in iminaol ur

1. A andi 13). sul.Wesl lug that mast cells and hasophils did t issue mlast cells and. ill solme cases. mlatulre skill m1ast
riot arise Iroin commlnittedl T cell. 13 cell. cosinlopitil. or cells (Fig. 6). U singi irminogolcl labeling,. these tist cells,
mracropliag(' progeniitoir cells1. Furthermore, ijorie 1mar1-row couild lie shown to have surfaice labeling I or IgEF recepito rs
cells depleted of' ('1)8. clls hv 1 he adhet-rnce (panning) simuitltaneiouls wit ii (t(i deiorist cal ionI of' lablilni2 ovcr
rticlhrkl did riot gvj c rise to imast r(Its or hasopitils VFiA, granulecs foir I rvlitasc (Fig. 6, vInset). More strikin-ly. co-
2. A1 arnd 13). In t'(iti ast. Itiglily putrifiedl collectionls oif ctiltire-d riiast ccils [iot only Libteled lot 1rl: anI Itl tic

protgenritoir ((115 (>wi (?l)3_1 ) ofbtaitred ursinig ilirliintotill- bitt had a vatriclv ofl pr~iruile ilrpii~liolt'iis, iliclitding
aIgriet Wc setist ron. when curl ttt-e over agarrose sulraces ill scroill, liii~'(. -etl irr. detisectore, or hloiicrieos PMl-
tlt, presecec of rhil-3. give risc to lairge rnTiheI~rs ot Icr-tv. found ill tliatirre litiritanl mlast cells iillIstc
b);sojptiis annd stcrt-ler rotirah''s (it I r 'titase piosit ive ti;st (Figs. 7. A arid P. anIji 8).
cells (Fig- .,. A arid H). No it udilirrial inicrc;ast' itl cell illus. lirtai(I)lprogcrliltir cells"iv rise to rilisli
rItll r oc-tirrcd wheni (1)31 ctells xicrt' ('ttltttt(' itt III(, c' l (''lild liasoIjitis. Mast cel gtrittlc tilt risi InlItnl .fl
pire'sence oit rlill.-3 arid rlill.-I (Ftg .1. A arnd 13). (tivtrisit v iricili (ig setlt ll 1crtis \Vtre seenI olyl ill rn1;1.t

Matutre tissrte-lcrives rrralst tells haebeeni showl i (,cells arisirtg flori ll tills c)] coctrlltit c ov-er rltcit c 31 :N
have rriitc grtilet'itllt rltnttrrIIc conisist (tag oit scroll. lilrolast rnottl.ivcts I ()ir d1 it;i art cottsistctilt w' I hr Ito
htarticiilale. denis core, or retoirlir liallcrtt (30. 31) To - );uicct'l !!: it ctmiitlcd rila plo ((I lirt10iot cells Ii
dtf'territrt lielt it tlitir '111rd trvptasclf li.-itivc twist cell" in vivo itl itt;' tiot i t to ltorit ('l34 ,ilitiliownl pic
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